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Abstract. The kinetics of the extraction of oleoresin from ginger using ethyl acetate as the solvent was studied in this work. The 
effects of particle size and extraction time on oleoresin’s solvent extraction were analyzed to obtain optimization data. The 
temperature of the process was kept constant at 40 °C. The Ginger particle sizes ranged between 250–1200 μm at extraction times 
ranging between 10–70 min. Experimental data generated were fitted into an empirical model to determine the kinetic parameters. 
The oleoresin yield increases with increasing extraction time up to an optimum time, after which the yield remains constant and 
decreasing particle size. The results obtained for the kinetics studies reveal that with the introduction of the constant term accounting 
for the diffusion step separately (as an addition) into a single step first-order model (Patricelli’s first order model) raises from 87 % 
fitness of the model into becoming 99 % with the experimental data. And this improved form of Patricelli’s first-order model was 
found to have shown as good agreement with Patricelli’s 2-step kinetic model. These findings further confirm the oleoresin 
extraction process in the presence of ethyl acetate was found to be first-order kinetics involving two steps mechanism where the 
use of a single-step first-order model (Patricelli’s first-order kinetic model) and the choice of using ethyl acetate must have 
contributed to the strong resistance present in the first step of the extraction mechanism especially for the smaller particle size 
(250 μm). In getting the extraction yield improved, this study, therefore, recommends the use of small particle sizes (< 250 μm), 
higher temperatures (> 40 °C), and better alternative solvents like ethanol. 
Keywords: ethyl acetate, extraction, oleoresin, modeling.
1 Introduction 
Oleoresins are the flavor extracts obtained from ground 
spices. They have an aroma of spice and possess the 
attributes which contribute to the taste. Ginger species 
exhibit aromatic properties of commercial importance. 
There exist two essential extracts obtainable from ginger. 
One is an essential oil, which varies between 0.8–4.2 %, 
while the other is oleoresin in the range of about 7 % 
depending on its habitat, origin, and agronomic treatment 
of culture (Azian et al., 2001). The pungent taste of ginger 
is due to non-volatile phenylpropanoid derived 
compounds, particularly gingerols and shogaols. Oleoresin 
from ginger's rhizomes mainly comprises essential oil, 6-
gingerol, the principal pharmacologically active 
component, and a lesser amount of a structurally related 
vanilloid (Bode and Dong, 2004). 
The increased prominence of oleoresins over natural 
spices is due to the advantages that oleoresins have over 
the spices themselves. These advantages include more 
uniform flavor and concentration and a lack of microbial 
contamination. The ginger oleoresin is widely used as a 
flavoring agent in food, drink, and medicine. 
Oleoresin compounds, such as 6-gingerol and its 
derivatives, are sourced from a ginger root with high 
antioxidant activity (Stoilova et al., 2007). The 
antioxidants are trace nutrients that have become a subject 
of interest in recent years due to their ability to neutralize 
free radicals' effects. (Carenas and Packer, 1996). 
Furthermore, the report of Mbaeyi-Nwaoha et al. (2013) 
and Sies (1996) indicated that these free radicals are 
potentially harmful products released during a series of 
natural processes taking place in a living body and are 
associated with the aging of cells and tissues. If you do not 
suppress the active oxygenates, the long term can lead to 
cardiovascular disease, diabetes, cancer, arthritis, and 
other neurodegenerative disorders.  
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The significance of these polyphenolic compounds 
cannot be overemphasized. It possesses several vital 
properties like digestion boosting effect by exerting a 
stimulating effect on peptic juices, such as gastric juice, 
bile, pancreatic and intestinal juices (Platel and Srinivasan, 
1996). A survey of literature also indicated that the  
6-gingerol possesses anti-bacterial, anti-inflammatory, 
anti-tumor-promoting, and anti-angiogenic activities (Kim 
et al., 2005). Studies have shown that scientific interest and 
some popularity in testing essential oils and plant extracts 
to identify the characteristics of natural compounds and 
antioxidant activity and antimicrobial activity that are used 
medically worldwide. (Hassan et al., 2012). 
Solvent extraction and steam distillation are established 
conventional methods for extracting oleoresin from ginger 
(Akhihiero et al., 2013). Solvent extraction is a widely 
used technique designed to separate soluble polyphenols 
from plant tissue using a solvent. Often used solvents to 
extract oleoresin from plant tissue - water, ethanol, 
methanol, acetone, and many others. (Jakopic et al., 2009; 
Salmon et al., 2012). Extraction methods to obtain 
bioactive compounds from ginger include heat-reflux 
extraction (HRE). Kim et al. (2014) stated that HRE is a 
conventionally solvent-extraction method widely used in 
herbal medicine preparation. It is close to the traditional 
extraction method of an herbal formula. In the HRE 
process, the solvent is boiled, and the vapor generated is 
allowed to condense to droplets in the attached condenser 
on the flask; hence, the temperature and pressure are not 
variables to be chosen as extraction parameters. 
Other novel extraction methods include microwave-
assisted extraction (MAE), supercritical fluid extraction, 
and pressurized solvent extraction has drawn significant 
research attention in the last two decades (Zhiyi et al., 
2006; Ismail et al., 2013). In MAE, the increase in the 
extract recovery by microwave is generally attributed to its 
volumetric heating effect, which occurs due to the solvent's 
dipole rotation in the microwave field. This heating effect 
causes the solvent temperature to rise, increasing the 
solubility of the compounds of interest. In particular, 
solvent heating by microwave occurs when molecules of 
the polar solvent cannot align themselves quickly enough 
to the high-frequency electric field (typically 2450 MHz) 
of a microwave, thereby causing the solvent molecules to 
dissipate the absorbed energy in the form of heat 
(Hemwimon et al., 2007).  
Although many studies have been carried out on the 
determination of the active compounds of ginger and the 
development and implementation of the different 
operating conditions for ginger oleoresin recovery (Bartley 
and Jacobs, 2000). Little attention seems to have been 
given to the optimization of the various extraction 
variables (e.g., the appropriate solvent, temperature, 
contact time, quantity of sample, and many others) or a 
systematic study for optimizing the method been carried 
out. However, Mukherjee et al. (2014) were able to carry 
out an optimization study for the process via three 
influential parameters like ethanol concentration, 
temperature, and extraction time. Likewise, Ok and Jeong 
(2012) determined the optimum conditions for obtaining a 
6-Shogaol-rich extract from ginger via the use of some 
selected factors to determine the optimum yield and high 
antioxidant properties. While Kanadea and Bhatkhandeb 
(2016) also reported the efficacy of solvent extraction for 
obtaining ginger oil. Other works that study the extraction 
of oleoresin is Saidi et al. (2014) employed the use of 
ultrasonic sound-assisted, while Nguyen et al. (2018) 
determined the optimum condition via the use of 
microwave-assisted energy in their process. In recent 
times, Ameh et al. (2020) evaluated the influence of 
change in extraction time and particle size on the rate of 
oleoresin extraction from ginger rhizomes.  
However, this present study aimed to provide insight 
into ethyl acetate's significance in oleoresin extraction 
from the ginger rhizome. The study also investigated the 
influence of particle size and extraction time on the yield 
of oleoresin. Furthermore, extraction kinetics prediction 
models for the yield of oleoresin were developed via the 
curve fitting approach, which aided with using tools like 
MATLAB and Python algorithm. The study's focus was 
mainly on Nigeria’s ginger variety, which was reported to 
be available in abundance. 
2 Research Methodology 
2.1 Ginger procurement, pretreatment, and 
preliminary analysis 
Ginger rhizomes were sourced from Jaba local 
government in the southern part of Kaduna state, North-
Central Region of Nigeria. Proximate and FTIR analysis 
of the ginger samples were collected from our previous 
studies (Alewo et al., 2020). The samples were washed 
thoroughly with water to remove sand and dirt. The light 
outer skin was scraped off and cut into tiny pieces. All 
samples so prepared were dried in an air-circulating oven 
at a temperature of 40oC in the laboratory and ground 
manually into power and sieved into five different particle 
sizes of 1200, 850, 600, 425, and 250 microns. The 
samples were stored in air-tight polythene bags as stock 
samples in a cool, dry place until required for extraction. 
2.2 Oleoresin extraction 
Ten grams of 1200 µm powdered ginger was placed 
directly into a round bottom flask containing 100ml of the 
solvent (95 % ethyl acetate); the round bottom flask was 
placed in a hot water bath which sat on a combined hot 
plate and stirrer. Both the water bath and solvent mixture 
was stirred throughout the extraction time of 10 min. The 
round bottom flask has three ports. The water-cooled 
condenser was connected directly to the round bottom 
flask using one of the ports. The temperature was kept 
constant at 40 ± 2 °C, and the system was operated at 
atmospheric pressure. After the solvent was extracted, the 
distillation method using a soxhlet extractor to obtain a 
solvent-free oleoresin. The recovered oleoresin was then 
cooled and weighed.  
Five different particle sizes of 1200, 850, 600, 425, and 
250 microns of the powdered ginger samples were used to 
study the effect of particle size at a constant temperature 
of 40oC, a solid-liquid ratio of 10g/100ml solvent while 
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varying the extraction time between 10 and 70 minutes at 
an interval of 10 minutes. After each run, the solvent was 
separated from the oleoresin by distillation to obtain 
solvent-free oleoresin. 
2.3 Determination of the yield 
The oleoresin yield was calculated using the following 
formula: 
 
𝑌 (%) =   × 100,  (1) 
 
where Y – oleoresin yield, %; Wo – the weight of oleoresin 
extracted, g; Wd – the used weight of dried ginger  
powder, g. 
The extracted oleoresin was characterized using FTIR 
(FTIR ABB3000) at the Center for Mineral Research and 
Development, Kaduna Polytechnic, Kaduna, Nigeria. 
2.4 Extraction kinetic studies and modeling 
A first-order model (Ana-marija et al., 2018; Kasuma 
and Mahfud, 2017) is proposed to describe the kinetics of 
ginger rhizome's oleoresin extraction. The model assumes 
a mass transfer/diffusion mechanism. The mass transfer of 
oleoresin during solvent extraction can be described by a 
first-order model (Ozkal et al., 2005). The kinetics model 
equation is: 
𝜏 = (𝐾 − 𝑌),   (2) 
 
where Y – the grams of oleoresin extracted per 100 g of dry 
ginger (initially at a time, t = 0: Y = 0); K – the maximum 
yield of oleoresin which can be extracted in the process per 
100 g of dry ginger; t – the extraction time, min; 𝜏 – the 
time constant for the process, min. 
This model is a lumped form of Fick’s law of diffusion 
(Halim et al., 2012). Solving the differential equation 
gives: 
𝑌(𝑡) = 𝐾 1 − 𝑒 .  (3) 
 
The maximum yield (K) and time constant (τ) depend 
on the solvent used and the ratio (R, ml of solvent used per 
1 g of dry ginger used). This equation matches Patricelli et 
al. (1979) model without a washing stage. The resulting 
integration results presented in equation 3 were employed 
to model the extraction kinetics for the process. 
Other kinetics models reported for solid-liquid 
extraction processes include Peleg, Power-law, Parabolic 
diffusion, Elovich model, Weibull, Patricelli’s 2-step, as 
well as So and Macdonald models, that would aid the 
understanding of the extraction mechanism were also 
investigated. The models were adopted from literature 
(Billel et al., 2016; Hanatou et al., 2007; Chinedu and 
Albert, 2020; Ana-marija et al., 2018; Kasuma and 
Mahfud, 2017; Nour et al., 2020). Table 1 presents the 
mathematical expression for these models. 
Table 1 – List of other kinetic models 
Model 
Mathematical 
expression 
References 
Peleg / 2nd-
order / 
Hyperbolic 
𝑌 =  
𝑡
(1/𝐾 ) + (𝑡/𝐾 )
 Billel et al., 2016; 
Hanatou et al., 2007; 
Chinedu and Albert, 
2020; Ana-marija et 
al., 2018; Kasuma & 
Mahfud, 2017. 
Power law 𝑌 = 𝐾 ∗ 𝑡  Billel et al., 2016; 
Chinedu & Albert, 
2020. 
Parabolic 
diffusion 
𝑌 = 𝐾 + 𝐾 ∗ 𝑡 . + 
+𝐾 ∗ 𝑡 
Billel et al., 2016; 
Chinedu and Albert, 
2020. 
Elovich / 
Logarithmic 
𝑌 = 𝐾 + 𝐾 𝑙𝑛(𝑡) Billel et al., 2016; 
Chinedu and Albert, 
2020. 
Weibull 𝑌 = 1 − 𝑒 ( / ) ; 
𝐾 < 1 
Billel et al., 2016.  
Patricell’s 
2-step 
𝑌 = 𝐾 ( / ) + 
+𝐾 ( / )  
Billel et al., 2016; 
Nour et al., 2020. 
So and 
Macdonald 
𝑌 = 𝐾 ( / ) + 
+𝐾 ( / )
+ +𝐾 ( / )  
Billel et al., 2016. 
Exponential 𝑌 = 𝐾 · 𝑒( · ) Nour et al., 2020. 
 
Notes: Y is the yield of oil extracted at time t; t is the 
extraction time; K1 is the maximal rate constant; K2 is the 
corresponding highest yield; K3 is characteristic of a 
carrier-active agent; K4 is the diffusion exponent; K5 is a 
hyperbolic model parameters extraction rate at the 
beginning (1/min); K6 is the constant related to maximum 
extraction yield (1/min); K7 is parabolic model constant; 
K8 and K9 are the constants of the logarithmic model;  K10 
is the diffusion rate parameter; K11 is the diffusion 
exponent;  T1, T2, T3, T4, and T5 are the mass transfer 
coefficients for the washing step, the diffusion step, the 
washing step, the slow diffusion step, and the very slow 
diffusion step, respectively; T6 is the rate constant; K12, 
K13, K14, and K15 are the lipid yield at equilibrium for the 
washing step, the diffusion step, the washing step, the slow 
diffusion step, and the very slow diffusion step, 
respectively; K17 is the yield at t = 0, in line with the 
references cited. 
2.5 Process model development 
With MATLAB, an algorithm was developed for 
modeling the extraction kinetics for the prediction of 
extraction rate in the form oleoresin yield via the use of a 
curve-fitting approach (to fit the theoretical model 
presented in equation 3) with the use of the data collected 
from the laboratory studies. For the curve fitting, model 
development, and validation, the MATLAB algorithm has 
been used. 
The developed models' accuracy was evaluated using 
statistical parameters such as R-squared value, root-mean-
square-error (RMSE), and the sum of square error (SSE). 
The graphical representation of the effect of time and 
particle size on the extraction process was done using a 
Python library known as ‘matplotlib,’ the algorithm 
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employed for the representation. Results were collected for 
the different sets of experimental data for the different 
particle sizes. 
Furthermore, the selected first-order kinetics model's 
accuracy was further revised to improve its accuracy by 
introducing regression terms such as constant, linear, and 
nonlinear terms that were investigated to develop an 
improved first-order kinetic model with the aid of 
programmed code. 
 
3 Results and Discussions 
3.1 Preliminary analysis of the ginger rhizomes 
The sample was identified at Biological Science 
Department ABU Zaria. The ginger was identified as 
zingeber officinale. Based on the results collected and 
presented in our previous studies (Ameh et al., 2020) for 
the proximate analysis of dry ginger rhizomes, it was 
identified that the proximate composition of the ginger 
rhizome compares favorably with those in literature. Slight 
variations observed could be attributed to the season, 
climate, storage condition, and ginger species. 
Furthermore, the ginger was reported to have displayed a 
moisture content of 6.4 %, which is lower than that 
obtained by El-Ghorab et al. (2010) but similar to that 
obtained by Otunola et al. (2010). The dry ginger sample's 
major component was the crude carbohydrate content with 
a high total carbohydrate value of 59.8 % and the crude 
fiber content of 9.7 %. The protein content is important 
from the nutritional point of view. This protein content was 
obtained as 9.8 % from the dried ginger sample analyzed. 
Also, the review of the literature reveals that the works 
of Mbaeyi-Nwaoha et al. (2013) and Otunola et al. (2010) 
showed a relatively low protein content compared to this 
value, while Latona et al. (2012) reported a higher value. 
It should be noted that the low moisture content of the 
ginger samples significantly raises the other constituents. 
The dry ginger sample's crude fat content was 8.8 %, 
whereas the ash content is 5.5 %, which is comparable to 
values obtained in literature, where the total ash content of 
dry ginger has been reported to be 6.1 % (El-Ghorab et al., 
2010). 
The FTIR analysis presented in the previous studies 
(Alewo et al., 2020) indicated that the ginger oleoresin has 
hydroxyl, carbonyl, alkane, alkyl, and ketones functional 
groups present in its spectra. Other compounds that were 
confirmed present include phenolic compounds, which 
were similar to what was obtained in the literature 
(Purnomo et al., 2010; Jayanudin et al., 2015; 2017). 
3.2 Effect of particle size and extraction time on 
oleoresin yield 
The effect of particle size and extraction time, t, on 
solid-liquid extraction of oleoresin with ethyl acetate at 
40 °C, and the solid-liquid ratio of 10 g/100 ml solvent 
was evaluated with the aid of the statistical plot 
represented in Figure 1, which shows the relationship 
between various variables.  
Furthermore, the high initial rate of oleoresin extraction 
obtained within in the first 10 minutes was found to be 
5.1 % at 1200 μm and 7.5 % at 250 μm for the least and 
highest initial rate, respectively, which can be seen from 
the extraction curves, followed by slower extraction rate 
which asymptotically approaches the equilibrium 
concentration. These findings indicate that smaller particle 
size promotes the oleoresin extraction process rate while 
larger sizes retards the extraction process rate and reduce 
that quantity obtainable within a limited extraction time. 
The extraction curves of Figure 1 exhibited an 
exponential pattern for all particle sizes considered. The 
extracted oleoresin yield was inversely proportional to 
particle size, with the highest yield (9.3 %) recorded with 
250 μm and the least (5.1 %) recorded with 1200 μm. 
Relating the results obtained for ethyl acetate's use 
indicated that it was lower than the use of ethanol reported 
by Ameh et al. (2020) as 10.4 % as its highest yield 
obtainable.  
The lowest initial yield reported for the use of ethanol 
(5.8 %) was found to be greater than that recorded for the 
use of ethyl acetate (5.1 %) at the same 10 minutes 
extraction time in Alewo et al. (2020) report. The relative 
drops in the trend line or extraction rate compared to 
ethanol in the report of Ameh et al. (2020) indicate that 
ethyl acetate's choice to ethanol is not good enough. 
 
 
Figure 1 – Particle size effect on oleoresin extraction from 
ginger with ethyl acetate at 40 °C and L/S Ratio = 10 g/100 ml 
for different extraction time. 
 
Moreover, ethyl acetate, which yields 9.3 %, was 
found not to be better than ethanol, which yields 10.4 % at 
the same condition (70 min, 40oC, 250 microns, and 
L/S Ratio = 10 g/100 ml). The highest yield (9.3 %) 
obtained was lower than reported by Nguyen et al. (2018) 
as 9.7 % using ethanol at a larger particle size of 2mm or 
2000 μm. However, this study's highest yield was found to 
be higher than 8.15 %, which was reported by Saidi et al. 
(2014) as its highest oleoresin yield at 35 °C temperature 
and 25 MPa pressure using ultrasound-assisted 
supercritical carbon dioxide extraction approach. 
This behavior could be attributed to the large surface 
area possessed by the smaller particle-sized ginger 
powder, which resulted in high yield within the first 10 
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minutes. After that, the rate slowed down, as shown in 
Figure 2. 
Also, the results obtained for this study were much 
lower than the Nguyen et al. (2018) report, which 
employed microwave energy and a different solvent 
(known as ethanol). While Saidi et al. (2014) yield were 
found to be lower than the results obtained for the highest 
yield in this study, which traced to be dues to the lower 
temperature used in Saidi et al. (2014) studies using same 
particle size (250 microns). This deduction demonstrates 
the significance of the temperatures in an extraction 
process. 
3.3 The 1st order kinetics models developed 
The results of the model developed, its parameters (or 
coefficients), R-squared value, and the root-mean-square-
errors (RMSE) from the model validation analysis carried-
out are presented in Table 2 with 95 % confidence bounds. 
Table 2 – Model developed parameters 
Size, μm K T, min 
1200 6.377 6.510 
850 7.211 6.188 
600 8.545 8.336 
425 8.805 7.952 
250 9.182 6.201 
 
In Table 2, the use of 250 μm particle size displayed 
9.2 % as the maximum grams of oleoresin which can be 
extracted in the process per 100 g dry ginger, K, while the 
1200 μm shows that lowest maximum yield (K) as 6.4 % 
despite showing a close time (T) constant of 6.201 and 
6.5 minutes for 250 μm and 1200 μm, respectively. The 
comparison of the highest yield’s K and T for 250 μm, it 
was deduced that the K recorded for the use of ethyl acetate 
in this study is lower than when ethanol (10.3 %) is used. 
Also, the literature survey indicated that the time constant 
(T) for the use of ethyl acetate (in this study) was much 
longer than the case of using ethanol, which was reported 
as T = 4.03 minutes by Alewo et al. (2020) at the same 
confidence level of 95 % bound. 
From the results presented in Table 2, it can be deduced 
that the K (the maximum grams of oleoresin which can be 
extracted in the process per 100 g of dry ginger) decreases 
as the particle size of the ginger increases, which agrees 
with the curve presented on Figure 2 (showing the effect 
of particle size on yield). It was found that 250 μm 
recorded the highest maximum extractable oleoresin from 
100 g of dry ginger as 10.3 g, while 1200 μm recorded the 
least as 8.5 g oleoresin per 100 g of dry ginger. 
It was also deduced from Table 2 that the higher the 
ginger's particle size, the larger the time constant (T) 
becomes. As the particle size rises from 250, 425, 600, and 
850 μm to 1200 μm, their time constant values become 
larger from 4.03, 6.32, 7.03, and 9.85 min 10.22 min, 
respectively. It was deduced that the 1200 μm model 
recorded the highest time constant while 250 μm models 
recorded the least. 
3.4 Development of an improved 1st order model 
and analysis of other selected models 
Figure 2 graphically presents the model of the 
agreement that existed between the experimental and 
model-predicted values. 
 
 
Figure 2 – 1st-order model for the extraction 
Figures 3–5 present the effect of introducing a 
regression function (linear/nonlinear) or constant in the 
first-order model. In contrast, the use of a second-order 
model and Patricell’s 2-step models were also presented in 
Figures 8 and 9. 
The results presented in Figure 2 indicated that the 
unmodified 1st-order model displayed a poor agreement 
for the oleoresin extraction from ginger with all the particle 
size, especially at the lower extraction times compared to 
the high extraction time which shows a better relation with 
experiment. In general, it was not good enough. 
 
 
Figure 3 – Model improved with nonlinear (t/K2)  
in the 1st-order model 
As a way of improving the accuracy of the 1st order 
model, the introduction of linear terms, K2·t and t/K2 were 
investigated, and the results obtained presented in Figure 3 
(for t/K2), which reflect that the introduction of t/K2 
yielded poorer predictions while the no optimal solution 
was obtained for the use of K2·t. 
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Figure 4 – Model improved with the introduction  
of nonlinear (K2/t) in the 1st-order model 
The assessment made for the use of the nonlinear 
function, K2/t shown in Figure 4 reveals a good agreement 
with the experimental values suggesting that the 
introduction of nonlinear regression terms would best 
improve the model prediction accuracy the use of linear 
terms assessed. The revised form of the first-order model 
(presented in equation (3)) with the introduction of the 
non-linear term is expressed as: 
𝑌(𝑡) = 𝐾 1 − 𝑒 + .  (4) 
 
Further investigation of the constant (K2) introduction 
was investigated, whose results are presented in Figure 5. 
The profile indicated that the constant introduction 
significantly improved the model's prediction, displaying 
a good fitting with experiment across different particle 
sizes studied. 
The first-order model presented in equation (3) 
improved with the introduction of constant term 
graphically presented in Figure 5 is expressed as: 
𝑌(𝑡) = 𝐾 1 − 𝑒 +  𝐾 .  (4) 
 
 
Figure 5 – Model improved with the introduction  
of constants in the 1st-order model  
 
Figure 6 – 2nd-order model for extraction 
Alternative assessment of 2nd order and Patricelli’s 2-
step models presented in Figures 6 and 7 reveal that the 
second-order model (in Table 1) shows poor relation with 
the experimental value, especially for higher particle sizes 
signifying poor fitness with experimental values. In 
comparison, Patricelli’s 2-step model (in Table 1) shows a 
better relationship with the experiment indicating the 
reaction mechanism potentially two steps, following the 
report of literature (Billel et al., 2016; Nour et al., 2020). 
In general, the introduction of either constant term or 
nonlinear regression terms in a first-order model 
effectively improves its prediction. However, the use of 
Patricelli’s 2-step models was found to have proven to be 
good potential. 
 
 
Figure 7 – Patricelli’s 2-step model for extraction 
3.5 Statistical analysis of the developed models 
The statistical analysis of the unmodified first-order 
models, improved ones, and other selected models 
investigated are presented in Table 3, displaying the 
accuracy in term R-squared values obtained across the 
different sizes considered in this study. In accordance with 
the results presented for the average R-square values for 
the use of different models presented in Table 3,  
the accuracy (in term of average R-squared value)  
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was found to be in the order of FO (87.5 %) < FO+NL 
(98.5 %) < FO+C (99.4 %) < PTS (99.7 %). 
Table 3 – R-square value for the different models 
PS, μm FO FO + C FO + NL PTS 
1200 0.9397 0.9947 0.9838 0.9985 
850 0.8715 0.9860 0.9622 0.9953 
600 0.8138 0.9966 0.9891 0.9966 
425 0.8269 0.9944 0.9927 0.9944 
250 0.9215 0.9976 0.9946 0.9976 
Average 0.8747 0.9939 0.9845 0.9965 
 
Note: FO is the 1st-order model, FO + C is the first-
order model with the introduction of the constant term, 
FO + NL is the first-order model with the introduction of 
the nonlinear term, TS is the Patricelli’s two-steps model, 
and PS is the particle size in microns. 
Based on the results collected for the average R-squared 
values in Table 3, it can be said that the introduction of 
either constant term and nonlinear term in the first-order 
model significantly improved the kinetic model prediction 
displaying a good fit with the experimental data like the 
use of Patricelli’s two-steps model. This finding suggests 
that the solid-liquid extraction process potentially involved 
two steps (that is, washing and diffusion steps) in line with 
the literature report (Billel et al., 2016; Nour et al.,2020). 
Table 4 – The coefficient of the FO + C 
PS, μm K1 T, min K2 
1200 3.02 12.71 3.46 
850 2.68 17.46 4.76 
600 4.14 28.96 5.20 
425 4.09 24.46 5.31 
250 3.97 13.07 5.37 
 
The results presented in Tables 4 and 5 show that the 
model coefficients obtained using the improved first-order 
model (with the introduction of a constant term, K2), and 
Patricelli’s 2-step model. The parameters or coefficients 
presented an improved model (FO+C) for the oleoresin 
extraction in Table 4 could imply that K1 (that is, the rate 
constant reciprocal or mass transfer coefficient) and T 
indicated the kinetics for step 1 (washing step). In contrast, 
K2 (that is, mass transfer coefficient or reciprocal of the 
rate constant) could account the step 2 (diffusion step) 
following literature (Nour et al., 2020) when compared to 
Patricelli’s step, which indicated a good correlation with 
the experiment.  
However, the extraction kinetics is strongly dependent 
on the diffusion step due to the consistent higher K2 
compared to K1. This diffusion coefficient is largely 
dependent on the particle size. In contrast, extraction time 
shows lesser effect than the particle size effect in line with 
Billel et al. (2016) and Nour et al. (2020) for 2-step 
extraction kinetics. 
The result shown in Table 5 equally accounts for the 
contribution of two-step mechanism K1 and K2, with the 
inclusion of time dependency where T1 and T2 depict the 
kinetics involved in each step, washing and diffusion step, 
respectively. 
Table 5 – The coefficient of the PST 
PS, μm K1 T1, min  K2 T2, min 
1200 5.13 4.43 1.46 23.34 
850 5.99 4.01 1.69 36.07 
600 5.29 2.09 4.07 30.02 
425 5.31 0.05 4.09 24.46 
250 3.97 13.07 5.37 0.39 
 
From which it deduced that for extraction carried out 
for higher particle sizes (PS = 1200 μm) first step was 
rapid (T1 = 4.43 min) and higher equilibrium yield (K1 = 
5.13) but encountered higher diffusion resistance resulting 
in lower equilibrium yield (K2 = 1.46) at diffusion step 
with poor diffusion rate (T2 = 23.34 min). This deduction 
was found to be similar for size except for 425 and 250 μm 
that were different, where the extraction that was held at 
425 microns was found to be rapid (T1 = 0.05 min, K1 = 
5.31) at the first step and stronger mass transfer resistance 
make the diffusion rate to be slow (T2 = 24.46 min, K2 = 
4.09). 
Unlike 250 μm, which encountered stronger resistance 
(T1 = 13.07 min, K1 = 3.97) at the first step but displayed a 
lesser resistance for the diffusion step (T2 = 0.39 min,  
K2 = 5.37). This stronger resistance experienced in the first 
step for the use of 250 μm could be improved by using a 
rise in temperature employed in the extraction process. 
This inference was found to be in line with the report of 
Hanatou et al. (2007) and Ana-Marija et al. (2018) that 
indicated that temperature rise would help overcome 
extraction resistance. 
4 Conclusions 
The insight into the significance of ethyl acetate in the 
extraction of oleoresin from ginger rhizome via the 
investigation of the influence of particle size and 
extraction time on the oleoresin yield was studied. The 
extraction kinetics was also successfully modeled for the 
yield of oleoresin via the use of a curve-fitting approach 
aided with the use of tools like MATLAB and Python 
algorithm. 
Findings from this study reveal that the choice of using 
ethyl acetate to the use of other solvents such as ethanol is 
not good enough comparatively in terms of yield. 
Moreover, for each ginger particle size considered, the 
yield of oleoresin increases with increasing extraction time 
up to an optimum time, after which the yield remains 
constant. The optimum extraction was found to increase 
with decreasing particle size. Thus, the Patricelli 
parameter T was found to be a particle size-dependent 
parameter. Also, the maximum oleoresin yield was found 
to be dependent on particle size: smaller particle sizes 
favored high yield, and the Patricelli parameter K was 
found to be particle size-dependent, where 250 μm show 
the high yield with 9.3 %.  
The kinetics studies reveal that using a single step first-
order model (Patricelli’s first-order kinetic model) shows 
87 % fitness with the experimental data. With the 
introduction of the constant term accounting for the 
 
F22 CHEMICAL ENGINEERING: Processes in Machines and Devices 
 
diffusion step separately (as an addition), the model's 
fitness was found to have risen to 99 % with the 
experimental data. The improved form of Patricelli’s first-
order kinetic model was found to have shown as good 
agreement with the prediction of Patricelli’s 2-step kinetic 
model. The study also confirms that the oleoresin 
extraction process in the presence of ethyl acetate was 
found to be first-order kinetics involving two steps 
mechanism where the use of a single-step first-order model 
(Patricelli’s first-order kinetic model). And the choice of 
using ethyl acetate must have contributed to the strong 
resistance present in the first step of the extraction 
mechanism, especially for the smaller particle size 
(250 μm) due to the high time constant, T1 = 13 min (that 
is, the lower rate constant) for its 2-step mechanism 
models.  
Therefore, it is recommended that further studies look 
into the use of alternatives solvents, and the effect of 
higher temperatures on this extraction process can also be 
investigated. 
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